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ABSTRACT
The aim of this study was to estimate the seroprevalence of antibodies to Borrelia burgdorferi, Anaplasma
phagocitophilum and tick-borne encephalitis (TBE) virus, and risk factors, in forestry rangers from the
Friuli–Venezia–Giulia region in northeastern Italy. Sera from 181 forestry rangers were examined with
two-tiered serological tests for TBE, Lyme borreliosis and ehrlichiosis. Information about risk factors
such as job location, residence, number of tick bites and outdoor leisure activities was collected with a
questionnaire. Seropositivity was 0.6% for TBE virus, 23.2% for Lyme borreliosis and 0.6% for
ehrlichiosis. Lyme borreliosis positivity, as determined by Western blot, was associated with working in
the foothills, with gardening in the northeastern part of the region, and with a history of yearly tick bites.
Risk factors were similar when a case of Lyme borreliosis was defined either by Western blot positivity
or by clinical history.
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INTRODUCTION
The hard tick Ixodes ricinus, which acts as a vector
for Borrelia burgdorferi and tick-borne encephalitis
(TBE) virus, is also able to transmit other human
pathogens, such as Babesia, some Rickettsiae and
Anaplasma phagocytophilum (the agent of human
granulocytic ehrlichiosis). The Friuli–Venezia–
Giulia (FVG) region in the northeastern part of
Italy borders Slovenia and Austria, both of which
are endemic for Lyme borreliosis and TBE. Lyme
borreliosis has been a well-established infection in
FVG since 1986 [1], with 80–100 cases recorded
annually in the years 2000–2002, a tick infection
rate of up to 70% [2], and seroprevalence to
B. burgdorferi of c. 20% [3]. In contrast, although
TBE is widespread in Slovenia and Austria, to our
knowledge no case of native TBE has been
reported in FVG. The presence of TBE virus
infection in Italy was first reported in 1975, with a
focus of 12 cases in Tuscany. Isolation of the virus
[4] was followed by sporadic cases between 1975
and 1991. Further foci were reported in the 1990s
in two regions of northern Italy, Trentino–Alto
Adige and Veneto, both near the Austrian border,
with the isolation of two virus strains from ticks
and the diagnosis of > 33 cases of human disease
[5,6]. Investigation of the presence of A. phagocy-
tophilum in I. ricinus with PCR [7] has shown a
significant level of infectivity (up to 24% of ticks)
in FVG, and two cases of human granulocytic
ehrlichiosis were reported recently [8], indicating
transmission from the vector to humans. How-
ever, epidemiological data regarding the circula-
tion of TBE virus and A. phagocytophilum in the
human population of FVG are still lacking.
One of the commonest ways of evaluating the
circulation of an infectious agent is to search for
specific antibodies in a susceptible population at
Corresponding author and reprint requests: M. Cinco, Labor-
atorio Spirochete, Dipartimento di Scienze Biomediche, Uni-
versita` di Trieste, Via Fleming 22, 34127 Trieste, Italy
E-mail: cinco@dsb.units.it
 2004 Copyright by the European Society of Clinical Microbiology and Infectious Diseases
high risk of exposure, which in this setting
included forestry rangers. The present study
was therefore designed to investigate the preval-
ence of antibodies to TBE virus, B. burgdorferi and
A. phagocytophilum in a sample of forestry rangers
from FVG in relation to potential risk factors for
tick-borne infections.
MATERIALS AND METHODS
Sera from forestry rangers
In total, 304 forestry rangers in FVG were invited to take part
in the study during November 2002. The forestry rangers were
asked to complete a questionnaire providing information
about demographics, age, exposure to tick bites in the previous
year, numbers of hours spent outdoors, work location, leisure
activities (e.g., fishing, hunting, gardening, trekking), symp-
toms compatible with Lyme disease, TBE and ehrlichiosis, and
vaccination status for TBE. Sera were collected from different
forest management areas and stored at ) 80C.
Serological tests
Antibodies to TBE virus were detected by ELISA with the
Immunozym FSME (TBE) IgG kit (Proge Biotechnick, Heidle-
berg, Germany) according to the manufacturer’s instructions.
Positive sera were further assayed with the haemagglutination
inhibition [9] and neutralisation [10] techniques to confirm
seropositivity. Antibodies to B. burgdorferi were detected with
the C6 ELISA IgG kit (Immunetics, Cambridge, MA, USA), and
positive samples were further assayed by IgG Western blot
[11]; the criteria used for band pattern interpretation were
those recommended by the European Concerted Action on
Lyme Borreliosis (http://vie.dis.strath.ac.uk/vie/LymeEU/)
[12]. Antibodies to A. phagocytophilum were detected with the
immunofluorescence (IFA) kit for human granulocytic ehrli-
chiosis IgG (Focus Technologies, Herndon, VA, USA); in
accordance with the manufacturer’s instructions, sera with a
titre ‡ 1:80 were considered positive. These sera were further
tested with Western blot as described by Aguero-Rosenfeld
et al. [12].
Statistical methods
Seroprevalence was stratified by sex, age, geographical area of
residence and work, elevation and urban–rural character of the
community of residence and work, number of hours ⁄week
spent in recreational and work-related outdoor activities,
period of time (in years) spent working in forestry, number
of tick bites ⁄ year, and involvement in recreational activities
such as farming, hunting, fishing and trekking. For these
variables, the seroprevalence odds ratios (ORs) were estimated
by comparing different categories of exposure. Crude and
adjusted ORs were calculated by logistic regression. Various
models were tested to identify which variables and categories
were significant predictors of positive seroprevalence. Statis-
tical significance was reached if the bounds of the OR 95%
(two-tailed) confidence intervals did not include 1.0. A final
logistic regression model was chosen for variables that were
mutually independent (defined by absence of co-linearity) and
statistically significant.
RESULTS
In total, 181 (59.5%) of 304 forestry rangers from
FVG participated in the study (12 of the partici-
pants were female). The mean age ± standard
deviation was 42.6 ± 6.5 years. None reported a
previous history of TBE or ehrlichiosis, but 21
individuals from different communities had a
previous diagnosis of Lyme borreliosis, with the
following clinical manifestations: erythema
migrans (14 individuals), arthritis (nine) and
peripheral neuropathy (one). The 181 sera
were assayed for antibodies to the TBE virus,
A. phagocytophilum and B. burgdorferi (Table 1).
TBE seroprevalence
Seven of the 181 individuals were vaccinated
against TBE; therefore the seroprevalence was
calculated from the remaining 174 sera. There
were 13 positive sera by ELISA, corresponding to
a seroprevalence of 7.2%; six of these were also
positive by haemagglutination (seroprevalence of
3.4%), but only one was recognised in the
neutralisation assay (seroprevalence of 0.6%).
B. burgdorferi seroprevalence
Of the 44 (24.3%) sera positive for B. burgdorferi by
C6 ELISA, 42 were confirmed by Western blot
(seroprevalence of 23.2%). The number of signi-
ficant bands ranged from two to seven. Among
the 44 ELISA-positive sera, 16 belonged to asymp-
tomatic subjects; the other subjects suffered from
symptoms compatible with Lyme borreliosis
and ⁄ or were seropositive for B. burgdorferi. The
level of seropositivity did not correlate with the
length of time since initial infection; high titres
were found with ELISA in subjects infected in
the early 1990s, as well as in individuals infected
Table 1. Prevalence of antibodies against Borrelia burgdor-
feri, tick-borne encephalitis (TBE) and Anaplasma phagocy-
tophilum in forestry rangers
No. (%) of positive serum samples
B. burgdorferi
(n = 181)
TBE virus
(n = 174)
A. phagocytophilum
(n = 181)
C6 ELISA WB ELISA HI N IFA WB
44 (24.3) 42 (23.2) 13 (7.2) 6 (3.3) 1 (0. 6) 16 (8.8) 1 (0.6)
WB, Western blot; HI, haemagglutination inhibition; N, neutralisation; IFA,
immunofluorescence.
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since the year 2000. Interestingly, most asympto-
matic forestry rangers had high ELISA titres and
showed multiple significant band patterns (‡ 4)
by Western blot.
A. phagocytophilum seroprevalence
Although 16 (8.8%) sera were positive by IFA,
only one was confirmed as a true positive by
Western blot (seroprevalence of 0.6%).
Risk factors
The high number of forestry rangers seropositive
for B. burgdorferi enabled the data from the
questionnaires to be evaluated for possible risk
factors (Table 2). Only one individual (4.2%)
tested positive among those who reported no tick
bites. Among other categories of subjects, the
prevalence varied from 13.5% for rangers
employed in the southeastern area to 43.8% for
rangers engaged in gardening in the northeastern
area of the region. An approximately two-fold
decrease was found in the univariate prevalence
OR for residence and work in the southeastern
area, whereas a similar increase was associated
with residence and work in the foothills, with a
history of tick bites, gardening and fishing.
Table 3 shows the results of the multivariate
analyses of explanatory variables for antibodies
against Borrelia. Employment in the foothills, a
history of tick bites and gardening in a northeast-
ern community remained independently associ-
ated with a higher seroprevalence. Table 4 shows
the results according to a broader case definition,
which included either a positive test for antibod-
ies against Borrelia or a clinical history of Lyme
disease.
DISCUSSION
This study investigated the prevalence of anti-
bodies towards Lyme borreliosis, TBE and
ehrlichiosis agents among forestry rangers from
FVG, Italy. The seroprevalence data were ob-
tained with a stringent two-tiered approach for
serological testing; in the case of Lyme borreli-
osis, the C6 ELISA test was followed by Western
blot as a more specific confirmatory test; IFA
plus Western blot was used for ehrlichiosis; and
IFA plus haemagglutination, followed by neu-
tralisation, was used for TBE serology. The use
of the two-tiered test for studying the serology
of such infections is recommended [11,13,14] in
order to obtain reliable data, achieve greater
specificity, and avoid overestimation of the
seroprevalence.
There is only one published report concerning
TBE seroprevalence in FVG; a single individual
positive by ELISA was found among 159 low-risk
subjects living in an area highly endemic for
Lyme borreliosis [15]. To our knowledge, the
present investigation is the first seroprevalence
survey of TBE infection among forestry rangers in
FVG. A seroprevalence of 0.6% was found, which
is lower than the seroprevalence among forestry
rangers in highly endemic European regions such
as Poland (60%) [16] and southern Germany
(0–40%) [17], but is in agreement with seroprev-
alence data for forestry rangers or other high-risk
groups in northeastern Italy in provinces that
border FVG, such as Belluno (1.1%) [14] or
Trentino (0.8%) [18]. In these regions, human
cases of TBE and foci of infection have been
detected. In addition, it should be noted that TBE
is endemic in neighbouring Slovenia. The low
seroprevalence in FVG suggests that circulation of
the virus occurs sporadically. Alternatively, pros-
pective clinical and serological surveillance of
TBE might lead to the detection of human cases of
mild disease and viral foci of TBE in this region.
More knowledge regarding virus transmission
should be sought from surveys on the presence of
virus in the tick vector, in a similar way to studies
on B. burgdorferi and A. phagocytophilum [2,7].
Despite the high transmission rate of A. phag-
ocytophilum demonstrated in I. ricinus [7], a very
low presence of antibodies (0.6%) was found in
forestry rangers, unlike in other regions in Europe
such as southern Germany [17], where the level of
seropositivity was 5–15%, even in the absence of
any clinical symptoms. In Italy, 8.6% seropositiv-
ity has been reported in forestry rangers in the
Alps [19], and 12% in Lyme borreliosis patients in
central Italy [20], without clinical evidence of
ehrlichiosis. However, these data have been
obtained by IFA only, without further confirmat-
ory tests. The present study demonstrated that the
results of IFA should be interpreted with caution
in the absence of clinical evidence, as has been
suggested previously [13]. The low seropreva-
lence of A. phagocytophilum among forestry rang-
ers in FVG, and the mild symptoms caused by
this agent, explain why only two cases of human
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ehrlichiosis have been identified so far in FVG [8].
This finding was the result of a valid retrospective
analysis of laboratory findings and symptoms
from individuals with a history of tick bite.
With Western blot as a confirmatory test, a
23.2% seroprevalence of B. burgdorferi was found;
this value was consistent with the mean sero-
prevalence value reported in 1993 [3], and is
Table 2. Prevalence of antibodies against Borrelia by selec-
ted characteristics of 181 forestry rangers (Friuli-Venezia–
Giulia, Italy, 2003)
Antibodies against Borrelia
ORa 95% CI
Yes No
n % n %
Total 42 23.20 139 76.80
Gender
Female 0 0 12 100 1.0 –
Male 42 24.85 127 75.15 1 0.87–1
Age (years)
< 40 10 20.00 40 80.00 1.0 –
40–49 26 24.07 82 75.93 1.27 0.56–2.88
‡ 50 6 27.27 16 72.73 1.50 0.47–4.82
Geographical
location of
municipality of
residence
West 18 26.47 50 73.53 1.0 –
Northeast 16 23.19 53 76.81 0.84 0.39–1.82
Southeast 6 15.38 33 84.62 0.51 0.18–1.41
Geographical
location of
municipality of
work
West 17 27.30 49 74.24 1.0 –
Northeast 19 25.00 57 75.00 0.96 0.45–2.05
Southeast 5 13.51 32 86.49 0.45 0.15–1.34
Elevation of
municipality of
residence
Mountain 18 19.57 74 80.43 1.0 –
Hill 16 33.33 32 66.67 2.06 0.93–4.53
Plain 7 18.92 30 81.08 0.96 0.36–2.53
Elevation of
municipality of
work
Mountain 16 17.58 75 82.42 1.0 –
Hill 20 33.33 40 66.67 2.34 1.10–5.02
Plain 5 17.86 23 82.14 1.02 0.34–3.08
Urban–rural
gradient of
municipality of
residence
Urban 20 20.83 76 79.17 1.0 –
Semi-urban 12 23.08 40 76.92 1.14 0.51–2.57
Semi-rural or rural 9 31.03 20 68.97 1.71 0.68–4.33
Urban–rural
gradient of
municipality of
work
Urban 25 24.75 76 75.25 1.0 –
Semi-urban 9 21.95 32 78.05 0.86 0.36–2.03
Semi-rural or rural 7 18.92 30 81.08 0.71 0.28–1.81
Hours of
outdoor
work ⁄week
< 8 14 21.88 53 78.13 1.0 –
8–14 11 24.44 34 75.56 1.23 0.50–3.01
‡ 15 14 20.90 50 79.10 1.06 0.46–2.44
Hours of
outdoor
recreational
activities ⁄week
< 8 21 21.65 76 78.35 1.0 –
‡ 8 17 25.00 51 75.00 1.21 0.58–2.51
Duration of
work in
forestry (years)
< 10 14 19.72 57 80.28 1.0 –
10–19 10 30.30 23 69.70 1.77 0.69–4.55
‡ 20 15 21.43 55 78.57 1.11 0.49–2.51
Average
number of
tick bites ⁄ year
0 1 4.17 23 95.83 1.0 –
1–4 29 25.00 87 75.00 7.67 0.99–59.27
‡ 5 9 26.47 25 73.53 8.28 0.97–70.49
Table 2. Continued
Antibodies against Borrelia
ORa 95% CI
Yes No
n % n %
Gardening
No 25 19.53 103 80.47 1.0 –
Yes 17 32.08 36 67.92 1.95 0.94–4.01
Recreational
hunting
No 39 22.67 133 77.33 1.0 –
Yes 3 33.33 6 66.67 1.71 0.41–7.14
Recreational
fishing
No 36 21.82 129 78.18 1.0 –
Yes 6 37.50 10 62.50 2.15 0.73–6.32
Recreational
trekking
No 8 30.77 18 69.23 1.0 –
Yes 34 21.94 121 78.06 0.63 0.25–1.58
Gardening by
geographical
location
No gardening 25 19.53 103 80.47 1.0 –
Gardening in
a western
municipality
9 31.03 20 68.97 1.85 0.75–4.56
Gardening in
a northeastern
municipality
7 43.75 9 56.25 3.20 1.09–9.44
Gardening in
a southeastern
municipality
1 12.50 7 87.50 0.60 0.07–5.00
aUnadjusted prevalence odds ratio.
CI, confidence interval.
Table 3. Adjusted prevalence odds ratios (ORs) for anti-
bodies against Borrelia burgdorferi by selected characteris-
tics of 181 forestry rangers (Friuli-Venezia–Giulia, Italy,
2003)
Variable ORa 95% CI
Elevation of municipality of work
Mountain 1.0 –
Hill 2.54 1.07–6.02
Plain 1.25 0.39–4.03
Average number of tick bites ⁄ year
0 1.0 –
1–4 7.50 0.88–64.28
‡ 5 7.58 0.79–72.35
Gardening by geographical location
No gardening 1.0 –
Gardening in a western municipality 2.12 0.79–5.70
Gardening in a northeastern municipality 5.73 1.59–20.65
Gardening in a southeastern municipality 0.52 0.05–5.05
aPrevalence odds ratio mutually adjusted for elevation of municipality of work,
average number of tick bites per year and recreational farming location.
CI, confidence interval.
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highly significant if compared to a baseline
prevalence of 13–14% in blood donors. However,
a higher seroprevalence of 30% has been reported
among forest rangers in FVG [15]. Lyme borrel-
iosis seroprevalence was influenced by the geog-
raphy of the territory; it increased significantly in
subjects working in a municipality located at
foothill (but not mountain) elevation. Among the
recreational activities, only gardening (especially
in the northeastern part of FVG), but not fishing,
trekking or hunting, was associated with an
elevated seroprevalence. It can be speculated that
this is related to the protective garments used by
individuals engaged in such outdoor leisure
activities. In addition, the annual number of tick
bites was associated directly with a higher sero-
prevalence. When the case definition included
seropositivity or clinical history of Lyme borrel-
iosis, employment in the foothills and the number
of yearly tick bites were identified as significant
explanatory variables. Thus, infection with
B. burgdorferi among exposed individuals is multi-
factorial.
The apparent discrepancy between the detec-
tion of Lyme borreliosis positive serology and the
absence of clinical symptoms is a well-known
phenomenon [3]; individuals who have antibod-
ies to B. burgdorferi but no clinical evidence of the
infection often have high ELISA titres and give
multiple band patterns in Western blot tests. This
is a result of repeated exposure to Borrelia and,
consequently, to natural re-vaccination.
In conclusion, this investigation showed that
antibodies against ehrlichiosis and TBE are rarely
present in exposed humans in FVG. In contrast,
TBE is highly endemic in both Slovenia and
Austria, which border FVG on the eastern side
[21], and the lack of human cases in FVG is
therefore difficult to explain. It may be associated
with the patchy distribution of the TBE virus in
the reservoir hosts, small rodents, which have a
limited range of mobility. Specific geographical
areas, work or residential locations at the foothill
level, and gardening activity were all identified as
contributing to the increased level of exposure to
B. burgdorferi in FVG, and thereby to other I.
ricinus-related infections. As a consequence, pro-
tective measures against tick bites (i.e., long
trousers and effective repellents) should be rein-
forced specifically in these settings. Finally, it was
demonstrated that seroprevalence studies should
be performed with a two-step methodology, to
obtain reliable data.
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